We analyzed the monthly data of discharge, ammonium, total phosphorus, and potassium in the lower Mekong River to discuss the applicability of the rating curve function to estimate the nutrient concentration and to understand the inundation effects for nutrient expansion. The various sources of nutrient in the upstream directly affected the water quality in the downstream. Although the sedimentation amount depends on the discharge affecting deposition and erosion, ammonium and potassium directly reached the lower Mekong area because there was no correlation between discharge and these water quality parameters. Therefore, we cannot apply the rating curve function for nutrient water quality in the lower Mekong River.
INTRODUCTION
Estimation of water quality in large areas is one of the most important tasks in environmental conservation. A lot of researchers have long used empirical parameter estimation of models which fit well with measured amounts. Recently, physical models for water quality have been developed in many basins (Su et al., 2003; Yoshimura et al., 2006) . The physical models, which are composed of complicated processes, require a lot of measured data for calibration. Therefore, a simple L-Q rating curve is more popularly used for the estimation of nutrient transport (Galat, 1990; Clarke, 1990; Alexander et al., 2002; Merce et al., 2005) . Adaptability or accuracy of the rating curve is a remarkable topic (Cohn et al., 1992; Asselman, 2000) . The relationship between nutrient load L and discharge Q is simple and provides a good correlation for both variables although the rating curve sometimes has a bias (Ferguson, 1986) . Kazama et al. (2005) evaluated the rating curve relationship between volumetric sediment concentration and instantaneous discharge and showed the applicability of the rating curve in the Mekong River Basin. Stenback et al. (2011) applied the rating curve for nutrient in variable scale basins ranging from 17 to 34,600 km 2 and discussed the bias for the estimation. Kazama et al. (2005) and Sadeghi et al. (2008) have reported that parameters of the rating curve depend on the physical conditions, in particular on the land surface, in spite of simple rating curve structure. Basins covered with simple land uses like in developing countries have high accuracy to estimate nutrient load using the rating curve.
The objective of this study is to discuss the applicability of the rating curve to estimate the nutrient load in the downstream of the Mekong River Basin, where land use pattern is simple and typical of a developing country, and to determine the influence of the rating curve on inundation, which regularly and seasonally occurs because of monsoon wind. Kazama et al. (2005) obtained a good agreement for sediment estimation using the rating curve in the middle stream of the Mekong River but not for inundation.
-166 -Cambodia is rapidly developing and needs urgent environmental assessment. Therefore, if the rating curve is useful in Cambodia it will be beneficial in creating the environmental policy.
Cambodian inundation has an important role for agriculture and fishery, which are the main livelihood in the lower Mekong (Kazama et al., 2009) . Generally, the inundation provides agricultural water that serves as a natural irrigation system and provides nutrients for paddy fields. On the other hand, Hori (2000) informed that the inundation does not fertilize the soil. However, there are no studies on the evaluation of the effect of the Mekong inundation for nutrient dispersion. If water quality in the Mekong could be estimated discussing the rating curve function, we can understand the effect of inundation on nutrient as soil fertilizer. 
L-Q RATING CURVE
Multiplying the above equation by discharge, we can determine the nutrient discharge as
where k and p are rating curve model parameters.
Numerous attempts have been made by researchers to demonstrate the relation of L and Q through field observations in various basins. Stenback et al. (2011) have collected 49 nitrates and 44 total phosphorus samplings in Iowa State in USA. The rating curve obtained was derived from the log-space regression output and was widely different for each basin. Kazama et al. (2005) also developed the rating curve in several basins in the middle of the Mekong River since sedimentation showed high dependency on land-use type. According to this result, the lower area in Mekong River has a good agreement for the estimation obtained using the rating curve because the target area, such as paddy field and bush, has almost uniform land use (Boivin et al., 2000) .
It is known that discharge Q can be shown as the high-order function of water depth H as H-Q curve in hydraulics. This is derived from a fundamental energy conservation equation. Combining the above relationships, we can obtain the following equation.
In Cambodia, it is easier to obtain the water-depth data than discharge because it is difficult to observe the discharge in a large river. If there are enough discharge data we should analyze the L-Q rating curve because of the precision of the estimation. However, we cannot use enough discharge data. Therefore, we analyze the C-H rating curve.
STUDY AREA AND DATASET
The Mekong River has its source in the southeastern Himalayan Mountains and flows 4,200 km to its mouth at the South China Sea, through a large inundation area in the lower catchment. Annual precipitation in the lower Mekong is strongly seasonal, as is the annual flow of Mekong. About 85% of the precipitation falls during the rainy season.
Annual precipitation averages about 1,680 mm across the basin. The Mekong flood season lasts from July through December with an average discharge of 25,000 m 3 /s. The low flow season lasts from January to June with an average discharge of 6,000 m 3 /s. The study region is a part of the Lower Mekong Basin, which has two large tributaries, Bassak and Tonle Sap, and these rivers join at Phnom Penh, the capital city of Cambodia. Tonle Sap River has a unique feature as it flows downstream during dry season but upstream connecting Tonle Sap Lake during rainy season. This is like reservoirs in the Lower Mekong Region and results to a complicated inundation process. The landscape changes from bare and bush in dry season to inundated water in rainy season. Therefore, complicated flow is formed around Phnom Penh, where low and flat lands called Mekong Delta are distributed and floodplain covers a wide area (Fig. 1 ).
Phnom Penh is located at the confluence of Tonle Sap River and the Mekong River and the wastewater flows to Bassac River from some pits. The amount of organic substance in wastewater is smaller compared with the river discharge. This implies that the capital city does not influence the nutrient in the Mekong River. There are no inflows from tributaries but only outflows to flooding zones from Kratie to Prek Kdam during flood season. On the other hand, there are no outflows from the rivers and inflows from flooded areas during dry season. Thus, we can discuss the nutrient and its process only in the main stream and the inundation without considering additional loads from some sources.
Water quality and water depth data were obtained by the Mekong River Commission Secretary (MRCS). Mekong River Commission (MRC) measured the water depth daily at many points along the Mekong River and the water quality was measured by MRC at -168 -about 90 points along the Mekong River on a monthly basis. Water samples were collected at a depth of 0.5 m in the middle of the cross-sectional profile (thalweg), or at the point of maximum flow if the midpoint is not a representative (MRC, 2008) . The sample also did not include sediment or other substrates (MRC, 2007) . Data at Kampong Cham, Prek Kdam, and Kratie from 1998 to 2000 were used for the analysis of ammonium (NH 4 -N), total phosphorous (TP) and potassium (K). The analysis has limitation because the nutrient concentration data were not accurate enough due to the unclear number of significant figures reported. Kratie is located at the Mekong River and is the highest point in which the measurement for analysis was done before wide inundation. Recently, the Cambodian government is concerned about the water quality degradation caused by urbanization with rapid development although the main stream of the Mekong still does not have evidence of pollution. The amount of nutrients in the Mekong River highly depends on river discharge because the discharge ranges widely. In the upstream region covered with Thailand and Laos, concentration of sediments is correlated to discharge and depends on river gradient and land use (Kazama et al., 2005) .
RESULTS
At Kratie, NH 4 -N and K do not have any correlation with water depth but TP increases with water depth as shown in Fig. 2 with a coefficient of determination higher than 0.30.
After Kampong Cham, the Mekong mainstream water inundates for wide areas like diversion and water depth decreases after reaching the maximum once along the Mekong. The relationship between water depth and nutrient concentration in Fig. 2 at Kratie is similar to that in Fig. 3 at Kampong Cham. The coefficient of determination between TP and water depth was 0.61. Parameters of a and b at Kratie and Kampong Cham were almost the same. The correlation coefficient was a little higher for the downstream.
Prek Kdam is located at Tonle Sap River which is a tributary of the Mekong River, and is highly affected by high or low water depth of the Mekong as mentioned. Around the confluence point, the flooding water has many complex processes. Therefore, any nutrient concentration does not have a clear correlation to water depth. Thus, we cannot apply the rating curve function to estimate the nutrient concentration including TP as shown in Fig. 4 .
Figures 2 to 4 involve many low concentration samples with high uncertainty on the rating curve. Uncertainties should be noted to understand the accuracy of the rating curve equation which sometimes has more than 0.1 mg/L standard deviation in observed data (MRCS, 2010) . However, the rating curve should be established using all samples taking into consideration the weight of samples at low concentration for the regression analysis. Also, the low concentration data did not greatly affect the estimation for nutrient volume.
These results show that the rating curve is not beneficial to estimate the nutrient concentration although many researchers prefer to use it and believe it can work well. Normally, complex land use creates a disadvantage for the rating curve estimation but even simple land use in the lower Mekong area does not give an advantage. Blue points represent the observed data and red line represents the regressed data.
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DISCUSSION
The TP concentration has high correlation with water depth for the rating curve at Kratie and Kampong Cham although other nutrient concentrations did not show clear correlation with water depth. It was expected in Kratie that all nutrients would have correlation because the Mekong mainstream until Kratie does not have many inundations and has simple hydraulic characteristics. Although, nitrate involves complex processes in changing the concentration and is influenced by human activities, the study area has low population density and uses little fertilizer. Also, the amounts of mainstream discharge and sedimentation are huge and the amount of ammonium attached to particles is also substantial. Therefore, ammonium attached to sediment particles indirectly influence the nutrient concentration. For the same reason, potassium has no correlation with water depth. Potassium does not have a complex process compared to ammonium which is involved in the conversion of nitrogen to nitrate and ammonium. Also, it can be stated that the composition of water depends on the water yield sources. According to the above statements, the various sources in the upstream directly affect the nutrient concentration in the downstream. In the case of sedimentation, the amount depends on discharge affecting deposition and erosion. On the other hand, ammonium and potassium directly reach the lower Mekong area because runoff discharge does not have correlation with those concentrations and large sources.
At Prek Kdam there was no correlation between nutrients and water depth. As mentioned, Prek Kdam along Tonle Sap River has a very complex hydrodynamics with changing discharge direction. Therefore, it was not expected that we can use the rating curve to estimate the nutrient load.
To understand the effect of stream in a river, correlation between two observation points is calculated using the following equation. (4) where Crr 2 is the correlation value, which is not the actual correlation coefficient, y is the data at Kampong Cham, y is the mean y, y max is the maximum value, i is the number of measurements done, and r is the data at points being compared such as Kratie and Prek Kdam. For TP, the correlation values at Kampong Cham with Kratie and Prek Kdam were 0.88 and 0.44, respectively, as shown in Table 1 . TP was selected for this analysis to understand the effect of flow direction and inundation as shown in the dependency of TP on discharge. 
where IS is the target month and we evaluate the correlation in 3 months interval. The highest correlation has a value of 1.0 and a value other than 1.0 shows lower correlation according to this equation. Figure 5 indicates the correlation of Kampong Cham with the other two points on TP every three months. Although the observation period was three years, some data were lacking. Therefore, not every month has three sets of data. We can see the correlation between Kampong Cham and Kratie from January to June before flooding. One set of data from April to June shows a low correlation with a correlation value of 1.5 but at the same period another data shows a good correlation, which is around 1.0. In addition, even the low correlation from April to June is better than the other correlations between Kampong Cham and Kratie or other seasons after flooding. The correlation between Kampong Cham and Prek Kdam is low before flood season. One of the correlations to Prek Kdam from April to June is high but the others are low. This implies that almost all of the water at Kratie discharges to Kampong Cham in channel without outflow to and inflow from inundation areas, and that the water at Prek Kdam along Tonle Sap River is not influenced by any kind of water from the Mekong River. On the other hand, the correlation between Kratie and Kampong Cham is poor due to the influence of inundation. This situation continues on until around September. The interesting point is that both correlations from October to December are much lower. This season has inflow to mainstream from inundation area which is influenced by various sources of nutrients depending on the different cultivation stages for rice. These results indicate that the rating curve function cannot be applied in the inundating basin during flooding season because of the simple structure of the rating curve function. The inundation processes make the nutrient transport to be more complex in the stream.
Overall, the process for nutrient in the Mekong River is much different from small catchments like headwater or Japanese basins, and we can conclude that the rating curve should be more carefully utilized for the estimation of nutrient load.
CONCLUSIONS
We analyzed the monthly data of discharge, ammonium, total phosphorus, and potassium in the lower Mekong River to discuss the applicability of the rating curve function to estimate the nutrient load and to understand the inundation effects on nutrient transport. The various sources of nutrients in the upstream directly affect the nutrient concentration in the downstream. Although the sedimentation amount depends on the discharge affecting deposition and erosion, ammonium and potassium directly reach the lower Mekong area because there are no correlation between discharge and these water quality parameters for nutrient.
